Inhibitory effect of ursolic acid derivatives on hydrogen peroxide- and glutathione-mediated degradation of hemin: a possible additional mechanism of action for antimalarial activity.
Compounds obtained by the condensation of ursolic acid (UA) with 1,4-bis(3-aminopropyl)piperazines have previously been shown as cytocidal to Plasmodium falciparum strains. Preliminary results indicated that the inhibition of beta-hematin formation (one of the possible mechanisms of action of antimalarial drugs) was achieved by a few of these molecules with varying efficiencies. To gain further insight in the antimalarial action of UA derivatives, we report here the results of additional pathways that may explain their in vitro cytocidal activity such as inhibition of hemin degradation by H(2)O(2) or glutathione (GSH). H(2)O(2)-mediated hemin degradation was drastically reduced by hydroxybenzyl-substituted UA derivatives while UA and intermediate compounds displayed weaker inhibitory actions. The results of GSH-mediated hemin degradation inhibition did not parallel those of H(2)O(2) degradation as hydroxybenzyl-substituted UA only proved to be a weak inhibitor. As H(2)O(2) interaction with the iron moiety of hemin is the first step towards its degradation, we assume that the interaction of our products with the ferric ion in the hemin structure is of upmost importance in inhibiting its peroxidative degradation. A two-step mechanism of action implying (1) stacking of the acetylursolic acid structure to hemin and (2) additive protection of hemin ferric iron from H(2)O(2) by hydroxyphenyl groups through steric hindrance and/or trapping of oxygen reactive species in the direct neighborhood of ferric iron can be put forward. For GSH degradation pathway, grafting of UA structure with a piperazine structure gave the best inhibition, pleading for the implication of this latter moiety in the inhibitory process.